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The title compound, C 14 H 14 C1N0 2 S, contains two molecules in 
the asymmetric unit with different conformations. The C— 
S0 2 — NH— C torsion angles are 65.3 (2) and 54.6 (2)° and the 
aromatic rings are tilted relative to each other by 59.3 (1) and 
45.8 (1)° in the two molecules. In the crystal, inversion 
symmetry results in dimers linked by pairs of N— H- ■ O 
hydrogen bonds for both molecules. 

Related literature 

For hydrogen-bonding modes of sulfonamides, see: Adsmond 
& Grant (2001). For our studies of the effect of substituents 
upon the structures of Af-(aryl)-amides, arylsulfonamides and 
methanesulfonamides, see: Gowda et al. (2000, 2007, 2009); 
Shakuntala et al. (2011a,£>). 




Experimental 

Crystal data 

C 14 H 14 C1N0 2 S 
M r = 295.77 
Triclinic, PI 
a = 10.624 (1) A 
b = 11.165 (1) A 



Z = 4 

Mo Ka radiation 
fi = 0.40 mm" 1 

Data collection 

Oxford Diffraction Xcalibur 
diffractometer with a Sapphire 
CCD detector 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford 



Refinement 

R[F 2 > 2a(F 2 )] = 0.040 

wR(F 2 ) = 0.118 

S = 1.03 

5971 reflections 

353 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



T = 293 K 

0.44 x 0.40 x 0.36 mm 



Diffraction, 2009) 

r min = 0.844, r max = 0.869 
10424 measured reflections 
5971 independent reflections 
4355 reflections with / > 2a(I) 
R,„, = 0.012 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.24 e A" 3 

AAni„ = -0-31 e A" 3 



D-H-A 


D—H 


H-A 


D--A 


D—H-A 


Nl-HlJV'-O? 


0.85 (2) 


2.12 (2) 


2.950 (2) 


166 (2) 


N2-H2Af- ■ -04" 


0.83 (2) 


2.13 (2) 


2.931 (2) 


162 (2) 


Symmetry codes: (i) — x 


, -y, -z + 2; (ii) 


-x + l,-jH 


-1, -z + 1. 





c = 13.845 (2) A 
a = 74.643 (8)° 
P = 67.654 (7)° 

Y = 82.195 (8)° 

V = 1463.6 (3) A 3 



Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); soft- 
ware used to prepare material for publication: SHELXL97. 

KS thanks the University Grants Commission, Government 
of India, New Delhi, for the award of a research fellowship 
under its faculty improvement program. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: TK2748). 
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4-Chloro-A L (2,5-dimethylphenyl)benzenesulfonamide 
K. Shakuntala, S. Foro and B. T. Gowda 

Comment 

Sulfonamide moieties are constituents of many biologically important compounds. The hydrogen bonding preferences of 
sulfonamides have been investigated (Adsmond & Grant, 2001). As a part of our work on the substituent effects on the 
structures and other aspects of this class of compounds (Gowda et ah, 2000, 2007, 2009; Shakuntala et ah, 201 la,b), 
in the present work, the crystal structure of 4-chloro-A r -(2,5-dimethylphenyl)benzenesulfonamide (I) has been determ- 
ined (Fig. 1). The asymmetric unit contains two independent molecules. In one of the molecules, the N — C bond in the 
C — SO2 — NH — C segment has gauche torsions with respect to the S=0 bonds. The molecules are twisted at the S atoms 
with the C — SO2 — NH — C torsion angles of 65.3 (2) ° and 54.6 (2) ° in the two molecules, compared to the values of 
34.7 (1) 0 in 4-chloro-A r -(2,3-dimethylphenyl)benzenesulfonamide (II) (Shakuntala et ah, 20116), 69. 1 (1) and 82.6 (1)° in 
the two independent molecules of 4-chloro-A r -(phenyl)-benzenesulfonamide (III) (Shakuntala et ah, 2011a), and 62.7 (2) 
0 in A r -(2,5-dimethylphenyl)benzenesulfonamide (IV) (Gowda et al, 2009). Finally, the sulfonyl and the anilino benzene 
rings in the two independent molecules of (I) are tilted relative to each other by 59.3 (1) 0 (molecule 1) and 45.8 (1) 0 
(molecule 2), compared to the values of -70.3 (3) 0 in (II), -53.8 (3) 0 and -63.4 (3) ° in the two independent molecules of 
(III), and 40.4(1)° in (IV). 

In the crystal structure, inversion related molecules are linked by N — H-0 hydrogen bonding into dimeric aggregates 
(Table 1 and Fig. 2). 

Experimental 

A solution of chlorobenzene (10 ml) in chloroform (40 ml) was treated drop wise with chloro sulfonic acid (25 ml) at 273 
K. After the initial evolution of hydrogen chloride subsided, the reaction mixture was brought to room temperature and 
poured into crushed ice in a beaker. The chloroform layer was separated, washed with cold water and allowed to evaporate 
slowly. The residual 4-chlorobenzenesulfonylchloride was treated with a stoichiometric amount of 2,5-dimethylaniline and 
boiled for 10 minutes. The reaction mixture was then cooled to room temperature and added to ice-cold water (100 ml). The 
resultant 4-chloro-A r -(2,5-dimethylphenyl)benzenesulfonamide (I) was filtered under suction and washed thoroughly with 
cold water. It was then recrystallized to constant melting point from aqueous ethanol. Light -brown prisms of (I) were grown 
from its ethanolic solution by slow evaporation at room temperature. 

Refinement 

The NH H-atoms were located in a difference map and were refined with the N — H distance restrained to 0.86 (2) A. The 
other H atoms were positioned with idealized geometry using a riding model with the aromatic C — H = 0.93 A and the 
methyl C— H = 0.96 A. All H atoms were refined with isotropic displacement parameters set to l.2U e n of the parent atom. 
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Figures 




Fig. 1 . The molecular structure of (I), showing the atom-labelling scheme and displacement 
ellipsoids drawn at the 50% probability level. 



Fig. 2. The molecular packing of (I) with hydrogen bonding shown as dashed lines. 



4-Chloro-iV-(2,5-dimethylphenyl)benzenesulfonamide 



Crystal data 

C14H14CINO2S Z = 4 

M r = 295.77 F(000) = 616 

Triclinic, PI D x = 1 .342 Mg nT 3 

Hall symbol: -P 1 Mo Ka radiation, X = 0.71073 A 

a = 10.624 (1) A Cell parameters from 4045 reflections 

6= 11.165 (1) A 6 = 2.9-27.8° 

c= 13.845(2) A n = 0.40 mm" 1 

a = 74.643 (8)° J=293K 

(3 = 67.654 (7)° Prism, light-brown 

y = 82.195 (8)° 0.44 x 0.40 x 0.36 mm 

V= 1463.6(3) A 3 



Data collection 

Oxford Diffraction Xcalibur 

diffractometer with a Sapphire CCD detector 

Radiation source: fine- focus sealed tube 

graphite 

Rotation method data acquisition using co scans 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2009) 
T min = 0.844, J max = 0.869 
10424 measured reflections 

Refinement 

2 

Refinement on F 
Least-squares matrix: full 



5971 independent reflections 

4355 reflections with / > 2a(7) 

=0.012 
6 m ax = 26.4°, 6 min = 2.9° 

* = -13->13 

fc = -13->12 
/=-16-»17 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[g 2 {F 2 ) + (0.0645P) 2 + 0.217.P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.022 

Apmax = 0.24 e A~ 3 
Ap min = -0.31 eA~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > <s{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Cll 


0.36006 (9) 


0.53177 (6) 


0.87418 (6) 


0.1008 (3) 


SI 


0.20650 (4) 


-0.02218 (5) 


1.01469 (4) 


0.04847 (14) 


Ol 


0.31155 (13) 


-0.09429 (13) 


1.04686 (11) 


0.0597 (4) 


02 


0.06835 (12) 


-0.03204 (15) 


1.08715 (11) 


0.0634 (4) 


Nl 


0.20717 (15) 


-0.05945 (15) 


0.90863 (14) 


0.0505 (4) 


H1N 


0.1347 (18) 


-0.0308 (19) 


0.8978 (17) 


0.061* 


CI 


0.24889 (17) 


0.13475 (18) 


0.97593 (14) 


0.0455 (4) 


C2 


0.1538 (2) 


0.2278 (2) 


0.96025 (17) 


0.0558 (5) 


H2 


0.0662 


0.2077 


0.9720 


0.067* 


C3 


0.1887 (2) 


0.3495 (2) 


0.92738 (18) 


0.0635 (6) 


H3 


0.1254 


0.4126 


0.9162 


0.076* 


C4 


0.3191 (2) 


0.3775 (2) 


0.91104 (17) 


0.0617(5) 


C5 


0.4142 (2) 


0.2861 (2) 


0.92548 (19) 


0.0697 (6) 


H5 


0.5017 


0.3066 


0.9136 


0.084* 


C6 


0.3798 (2) 


0.1642 (2) 


0.95757 (18) 


0.0619(5) 


H6 


0.4441 


0.1014 


0.9670 


0.074* 


C7 


0.32965 (17) 


-0.06143 (17) 


0.81716(16) 


0.0470 (4) 


C8 


0.3468 (2) 


0.02420 (19) 


0.72070 (17) 


0.0541 (5) 


C9 


0.4666 (2) 


0.0123 (2) 


0.63506 (19) 


0.0702 (6) 


H9 


0.4815 


0.0683 


0.5691 


0.084* 


CIO 


0.5638 (2) 


-0.0801 (3) 


0.6452 (2) 


0.0747 (7) 


H10 


0.6425 


-0.0851 


0.5860 


0.090* 


Cll 


0.5473 (2) 


-0.1649 (2) 


0.7408 (2) 


0.0668 (6) 



R[F 2 > 20(^)1 = 0.040 
wR(F 2 ) = 0.118 

S= 1.03 

5971 reflections 
353 parameters 
2 restraints 
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Atomic displacement parameters (A 2 ) 
U n U 22 

Cll 0.1377(7) 0.0670(4) 0.1017 (5) -0.0271 (4) -0.0484 (5) -0.0069(4) 
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pi 1 pi A U| A A 

V. 1 1 V 1 *T 1 1 1 Hrt 


IU7.J 


P?S P?R 


1 \jy. j 


Cll — C14 — H14B 


109.5 


C25 — C28 — H28B 


109.5 


H14A — C14 — H14B 


109.5 


H28A — C28 — H28B 


109.5 


Cll — C14 — H14C 


109.5 


C25 — C28 — H28C 


109.5 


H 1 4 A — C 1 4 — H 1 4C 


109.5 


H2 8 A — C2 8 — H2 8C 


109.5 


H14B — C14 — H14C 


109.5 


H28B — C28 — H28C 


109.5 


(Ji — Si — IN 1 — C/ 


cn c 1 s 1 i\ 
-JU.Jl (1 /) 


r\i c 1 xti p^i 1 
U3 — bZ — JNZ — CZ1 


z;n c i c\ o\ 
-0U.J3 (lo) 


(J2 — S i — JN i — C / 


1 *7n cn / 1 c\ 
—1 /y.jU (1 J) 


r\A ci XTI pi 1 

U4 — bZ — JN Z — CZ 1 


1 in c c ( 1 £\ 
1 /U.JJ (10) 


Ci — Si — JNi — C/ 


£. C 1 A { 1 <i\ 

03.34 (10) 


Pl f ci XTI PT1 

C 1 J — bZ — JN Z — CZ 1 


C /I £1 /1 1\ 

J4.0Z (1 /) 


(Ji — Si — Ci — C2 


— lo /. /O (1 j) 


f~\1 CI PI C C' 1 

U3 — bZ — C 1 J — C 1 0 


1/1/1 01 / 1 o\ 

— 144. oZ (lo) 


<J2 — S i — C i — C2 


-30. yi (lO) 


r\A CI PK pi/: 

U4 — bZ — C 1 J — C 1 0 


1/1 n /i\ 
-14. U (Z) 


JN i — Si — Ci — C2 


ic on /1 1\ 

/j.oy (1 /) 


XTI CI PI C pi ^ 

JN Z — bZ — C 1 J — C 1 0 


nn in ( 1 n\ 

yy.zu (iy) 


(Ji Si — Ci — Co 


1/1 c 1 ( 1 n\ 
14. Dl (ly) 


r\i ci pi c pm 
(J3 — bZ — C 1 J — CZU 


1 0 /1 n\ 

3o.oo (iy) 


U2 — M — Ci — Co 


1 /if q /: /1 z;\ 

143.30 (10) 


r\A ci pk pm 
U4 — bZ — C 1 J — CZU 


1 /;n c 1 t"\ £\ 

loy.ji (io) 


JN i — Si — Ci — Co 


1 n 1 o/i (\n\ 
— 1U1.04 (1 /) 


xti ci pi ^ pin 
JNZ — bZ — CI J — CZU 


11 11 /I Q\ 

— / /.3Z (lo) 


Co — C i — C2 — C 5 


— U.O (3) 


pin pic pu pn 
CZU — C 1 J — C 1 0 — C 1 / 


n 0 

U.O (3) 


cm r^^t r^"i 

s 1 — C 1 — C2 — C3 


1*70 in /1/C11 

-1/5.30 (16) 


CI P1C p 1 r P1*7 

s2 — C 1 5 — C 1 6 — C 1 7 


11C £L A ( 1 n 11 

-175.64 (19) 


CI— C2— C3— C4 


-0.4 (3) 


C15— C16— C17— C18 


0.9 (4) 


C2— C3— C4— C5 


1.0 (3) 


C16— C17— C18— C19 


-1.7 (4) 


C2— C3— C4— Cll 


-177.72 (16) 


C16— C17— C18— C12 


177.4 (2) 


C3— C4— C5— C6 


-0.5 (4) 


C17— C18— C19— C20 


0.6 (4) 


Cll— C4— C5— C6 


178.20(18) 


C12— C18— C19— C20 


-178.53 (18) 
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P/1 PC P/; P1 

C4 — C5 — C6 — C 1 


A £L fA\ 

-U.o (4) 


pi p 1 p/: pc 
CZ — CI — Co — C5 


1.1 (3) 


c 1 p 1 p/: pc 
M — CI — CO — C5 


1 /0.02 (1 /) 


el \ti p-7 po 

M — JN1 — C/ — Co 


— 112.12 (lo) 


Si — JN 1 — C / — Clz 


*7A /i /">\ 
/U.4 (2) 


fMO p~7 pg po 

c i z — c / — cs — cy 


-0.1 (3) 


xrl p-7 po po 

jn i — c / — cs — cy 


1 "7*7 CC /1 T\ 
_ 1 / /.JJ (1 /J 


p-7 po /^l 1 

C 1 Z — C / — Co — C 1 3 


i /y.o (zj 


\r1 p-7 po 

JN 1 — C / — Cs — CI 3 


2.2 (3) 


p-7 po pn nn 

c / — cs — cy — C 1 0 


U.U (3) 


pi i p o pn pin 

ci 3 — Co — cy — cio 


1 *7A T /">\ 

—1 fy. I yl) 


po pn nn pi i 

cs — cy — C 1 U — C 1 1 


A 1 {A \ 

-0.2 (4) 


/in /ii a p 1 1 pn 

cy — ciu — en — ciz 


0.5 (3) 


C9— CIO— Cll— C14 


179.9 (2) 


CIO— Cll— C12— C7 


-0.6 (3) 


C14— Cll— C12— C7 


-180.0 (2) 


C8— C7— CI 2— Cll 


0.4 (3) 


Nl— C7— CI 2— Cll 


177.91 (17) 



pin pin pin pir 

C 1 o — C 1 9 — CZO — C 1 5 


1 "t SA\ 

1 .2 (4) 


P 1 /; PIC pnn pin 

C 1 0 — C 1 5 — CZO — C 1 9 


1 A \ 

-1.9 (3) 


pi c pin pm 
aZ — C 1 5 — CZO — C 1 9 


1 n a £ 1 n o\ 
1 /4.ol (lo) 


CI \n pi] p"T1 

3Z — JN Z — CZ 1 — CZZ 


1 aa /n n o\ 
-lUy.42 (lo) 


ci Ml PI 1 p->/: 
5>z — JNz — Czl — Cz6 


*7A 1 

/U.3 (2) 


po/c poi m p->i. 
CZo — CZ 1 — CZZ — CZ3 


2.2 (3) 


pi 1 rn p-ii 
JN Z — Cz 1 — CZZ — CZ3 


1*70 AO /1*7\ 

-1 /o.Uo (1 /) 


pn/: pi i p-)-> p-)"7 

CZo — CZ 1 — CZZ — CZ / 


_ i /o.yo (lyj 


xn pi 1 p->-> pn 
JN Z — Cz 1 — CZZ — CZ / 


2.7 (3) 


pn poo p-n pii 
Cz 1 — CZZ — Cz3 — CZ4 


-2.5 (3) 


PT7 Pll PTl pii 

Cz / — CZZ — Cz3 — CZ4 


1 /O. / (2) 


p->-> p-n pii pic 
CZZ — Cz3 — Cz4 — CZ5 


0.5 (3) 


pni p-1/1 PIC P-1/C 

C23 — C24 — C25 — C26 


1.8 (3) 


C23— C24— C25— C28 


-179.2(2) 


C24— C25— C26— C21 


-2.1 (3) 


C28— C25— C26— C21 


179.0 (2) 


C22— C21— C26— C25 


0.1 (3) 


N2— C21— C26— C25 


-179.65 (17) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

Nl— HlN-02 i 0.85 (2) 2.12 (2) 2.950 (2) 166 (2) 

N2— H2N-04" 0.83 (2) 2.13 (2) 2.931 (2) 162 (2) 
Symmetry codes: (i) -x, -y, -z+2; (ii) -x+l, -}>+l, -z+1. 
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